to ipsilaterally projecting axons. On the other hand, the
in vitro stripe assays have shown that membranes preretinas of stage 33/34 tadpoles. In both types of transplant, the axons innervated the dorsalmost tectum (Figpared from chiasm cells inhibit axonal growth from ventrotemporal retina but not from ventronasal retina in the ures 1C-1F), the normal target region of ventral RGCs (Holt and Harris, 1983) , suggesting that the old retinal rat (Wizenmann et al., 1993) . This differential repulsive effect is also observed on monolayer cultures of chiasm grafts kept their topographical information after the transplantation. Topography was similarly maintained cells in the mouse (Wang et al., 1995) . These studies suggest that the molecules that guide the retinal projecwhen pieces of dorsal retina from stage 58 were transplanted into the dorsal or ventral retina of stage 33/34 tion ipsilaterally are contact-dependent repulsive molecules. To date, three groups of molecules are known to tadpoles (data not shown). These results demonstrated that neuronal identity is conserved cell autonomously mediate contact-dependent repulsive responses; transmembrane semaphorins, extracellular matrix molecules as previously described for the retina of early stage Xenopus (Willshaw et al., 1983) , and suggested that the such as tenacin or proteoglycans, and ephrins (TessierLavigne and Goodman, 1996). None of these molecules axons from the transplants crossed the chiasm in early tadpoles because of an absence of molecular informahas been shown to selectively affect ipsilaterally projecting retinal axons at the chiasm. tion to guide them ipsilaterally. To address whether the early tadpole brain has guidance cues necessary to make the ipsilateral projection, Thyroid Hormone Is Not Sufficient to Generate we transplanted the ventrotemporal retina from metathe Ipsilateral Projection in Early morphic tadpoles, which normally project ipsilaterally, Stage Tadpoles into embryonic eyes at stage 33/34. Almost all transPrevious studies Grobstein, 1984, 1985c ) planted RGCs send axons contralaterally, suggesting showed that retinal application of thyroxine is sufficient that the cues guiding axons ipsilaterally are absent in to generate an ipsilateral retinal projection in tadpoles the early embryo. We also show that transmembrane developmentally arrested with PTU just prior to meta-B-type ephrin is expressed strongly in the chiasm of morphosis (stage 54). However, our experiments showed metamorphosing frogs but is not expressed in the chiasm that even in thyroxine-reared embryos, the vast majorof premetamorphic tadpoles. By transfecting ephrin-B into ity of postmetamorphic RGCs transplanted into stage the embryonic chiasm, we demonstrate that expression 33/34 embryos projected to the contralateral tectum of ephrin-B at the chiasm is sufficient to cause EphB- (Table 1) , 1984) , the ipsilateral projection found in these tadpoles was most likely generated before the thyroid projection was observed in whole flat-mounted brains. Most of the axons from the transplanted tissues followed hormone treatment and was therefore nonspecific. To test whether hormone treatment can induce the ipsilatthe normal contralateral retinal pathway and reached the optic tectum ( Figure 1A) . Although a few axons occaeral projection in later stage tadpoles, we treated PTUreared stage 54 tadpoles with thyroxine. The hormone sionally projected to the ipsilateral brain ( Figure 1B) , the number of such uncrossed axons was very small, and treatment accelerated development, causing tadpoles to reach stage 57, as judged by limb morphology (data there was no significant difference between heterochronic and isochronic transplantation or in the presnot shown), in 4 days though it normally takes 2 weeks (Nieuwkoop and Faber, 1994) . The ipsilateral retinal proence or absence of thyroid hormone (Table 1) . To confirm that the host environment had not changed the jection was clearly increased in the hormone-treated tadpoles, and the ipsilateral axons entered the optic identity of the donor explants, we transplanted ventralmost retinas from stage 58 frogs into dorsal or ventral pathway just beneath the pial surface ( Figure 2H ), where n, the number of operated tadpoles; ipsilateral, the number of axons in ipsilateral brain; contralateral, the number of axons in contralateral brain; ratio, the number of ipsilateral axons divided by the total number of axons (the sum of ipsi-and contralateral). Figures 5E and 5G ). This expression ventrotemporal region, gradually decreasing in a "clockwise" manner toward the ventronasal region ( Figure 4C) , continued for at least 48 hr after the lipofection ( Figures  5F and 5H) , when the initial retinotectal projections are making a sharp boundary at the optic fissure ( Figure  4C, arrow) .
first established (Holt, 1984) . Table 2 ). To analyze the tadpole retina by AP tag staining, or GFP, in the chiasm of early tadpoles (Figures 5A and 5C) . Both of the proresults more quantitatively, we counted the number of ipsilaterally projecting axons either in the ventral, midteins were myc-tagged at the C terminus to identify the in the hypothalamus of zebrafish and chicken embryo, Discussion our AP tag probe was thought to detect the ephrin-B protein in these species (Figures 7A and 7B ). In the The results presented here suggest that the discrete expression of ephrin-B at the chiasm during and after mouse, ephrin-B was not expressed in the chiasm at early stages up to E12.5 (data not shown). Weak expresmetamorphosis may play a key role in directing the growth of EphB-expressing retinal axons into the ipsilatsion, however, was detected in E13.5 embryo ( Figure  7C ) and gradually upregulated in the older embryo, reeral brain. Ephrin-B may therefore be responsible for the acquisition of the uncrossed retinothalamic projection in sulting in strong expression in the chiasm midline cells at E16.5 embryo ( Figure 7D) .
postmetamorphic Xenopus. 
